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Description 

[LATCH-UP ANALYSIS AND PARAMETER 
MODIFICATION] 

Background of Invention 
[0001] BACKGROUND OF THE INVENTION 
[0002] Technical Field 

[0003] The invention relates generally to integrated circuits and 
systems and more specifically to a latch-up analysis and 
circuit parameter modification system for an integrated 
circuit. 

[0004] Related Art 

[0005] As electronic components become smaller and smaller 

along with the internal structures in integrated circuits, it 
is easier to either completely destroy or otherwise impair 
electronic components and circuits through latch-up. In 
advanced CMOS technologies, latch-up can occur in any 
sector of a semiconductor chip. Latch-up can occur from 
both current and voltage perturbations to the semicon- 



ductor chip, especially at the terminals or in the substrate 
or well regions of the semiconductor chip. Since latch-up 
typically occurs within a pnpn structure, which may be in- 
tentionally designed, or unintentionally formed between 
structures, the latched circuit is typically a pnpn structure. 
Hence, the latched circuit may include peripheral circuits 
or internal circuits, and may be one circuit or multiple cir- 
cuits. 

[0006] Specifically within a circuit, latch-up is typically initiated 
by a cross-coupled pnp and npn transistor. With the base 
and collector regions being cross-coupled, current flows 
from one device leading to the initiation of the second 
(regenerative feedback). These cross-coupled pnp and 
npn elements can be any diffusions or implanted regions 
of other circuit elements (e.g., p-channel MOSFETs, n- 
channel MOSFETs, resistors, etc.) or actual pnp and npn 
bipolar transistors. In CMOS, these can be formed from 
MOSFET elements. In CMOS, the pnpn structure can be 
formed with any p-diffusion in a n-well, and any n- 
diffusion in a p-substrate whereas the p-diffusion may be 
a diffusion of a p-channel MOSFET, and the n-diffusion 
may be a n-channel MOSFET. In this case, the well and 
substrate regions are inherently involved in the latch-up 



current exchange between regions. 

[0007] jhe condition for triggering a latcli-up is a function of the 
current gain of the pnp and npn transistors, and the para- 
sitic resistance between the emitter and the base regions. 
This condition inherently involves the well and substrate 
regions. The sensitivity of a particular pnpn structure to 
latch-up is a function of spacings (e.g., the base width of 
the npn and the base width of the pnp), current gain of 
the transistors, substrate resistance and spacing, the well 
resistance and spacings, emitter resistance and isolation 
regions. In the case that current or voltage from an inject- 
ing source triggers a latch-up in a circuit, the pnpn struc- 
ture transitions from a low-current/high-voltage state to 
a high-current/low-voltage state. 

[0008] The injecting condition can occur at the terminals, or in- 
herently within the bulk semiconductor. Latch-up can be 
induced by voltage or current perturbations on the power 
rails, input pins or any pin of a semiconductor chip. 
Latch-up can occur from noise. Latch-up can also occur 
from single event upsets (SEU) from, for example, alpha- 
particles, and cosmic rays (e.g., neutrons, protons, 
gamma radiation, and other terrestrial particles). 

[0009] Currently, there are several different design systems that 



allow for a variety of design work, but unfortunately none 
of these systems allow for the analyzing of a circuit de- 
sign for latch-up sensitivity. Consequently, they do not 
allow for the modification of the circuit design to alter 
latch-up sensitivity. 
[0010] Accordingly, a need has developed in the art for a system 
and method that analyzes a circuit design for latch-up 
sensitivity and allows for modifications of the circuit de- 
sign to alter latch-up sensitivity of a circuit while improv- 
ing the density and overall performance of the circuit. 
Summary of Invention 

[0011] The present invention provides a latch-up analysis and 
parameter modification system, method and program 
product that analyzes a circuit design for latch-up sensi- 
tivity and allows for modifications of the circuit design to 
alter latch-up sensitivity of a circuit while improving the 
density and overall performance of the circuit. 

[0012] Generally, a first aspect of the present invention is di- 
rected to a method comprising the steps of: identifying an 
injector source and a collector circuit, at least one of the 
injector source and the collector circuit having a parame- 
ter; providing latch-up criteria for the collector circuit; 
determining latch-up sensitivity of the collector circuit 



based on the latch-up criteria and the parameter; modify- 
ing the parameter to adjust the latch-up sensitivity of the 
collector circuit; and determining the latch-up sensitivity 
of the collector circuit based on the latch-up criteria and 
the modified parameter. 

[0013] In addition, a second aspect of the present invention pro- 
vides a computer program product comprising: program 
code configured to identify an injector source and a col- 
lector circuit, at least one of the injector source and the 
collector circuit having a parameter; program code con- 
figured to determine latch-up sensitivity of the collector 
circuit based on a latch-up criteria and the parameter; and 
program code configured to modify the parameter to ad- 
just the latch-up sensitivity of the collector, wherein the 
determining program code is also configured to determine 
the latch-up sensitivity of the collector circuit based on 
the latch-up criteria and the modified parameter. 

[0014] The present invention also provides a system comprising: 
an injector source and collector circuit identifier that 
identifies an injector source and a collector circuit, at least 
one of the injector source and the collector circuit having 
a parameter; a latch-up identifier providing latch-up cri- 
teria for the collector circuit; a parameter modification 



unit to modify tlie parameter; and a latch-up analyzer tliat 
determines latch-up sensitivity of the collector circuit 
based on the latch-up criteria of the latch-up identifier 
and at least one of the parameter and the modified pa- 
rameter. 

[0015] The foregoing and other features of the invention will be 
apparent from the following more particular description of 
embodiments of the invention, as illustrated in the ac- 
companying drawings. 

[0016] 

Brief Description of Drawings 

[0017] Embodiments of the present invention will hereinafter be 
described in conjunction with the appended drawings, 
where like designations denote like elements, and 
wherein: FIG. 1 is a block diagram illustrating a latch-up 
analysis and parameter modification system in accordance 
with the present invention; FIG. 2 is a block diagram of an 
example of an injector source and collector circuit that 
may be used with the system of FIG. 1; FIGS. 3 and 4 are 
graphs illustrating modifications and subsequent results 
of the modifications of parameters of FIG. 2; and FIGS. 5A, 
5B and 5C are a flow diagram illustrating a method in ac- 



cordance with the present invention. 
Detailed Description 

[0018] With reference to the accompanying drawings, FIG. 1 is a 
blocl< diagram of a latch-up analysis and parameter modi- 
fication system 10 in accordance with the invention. 
Latch-up analysis and parameter modification system 10 
includes a memory 12, a central processing unit (CPU) 14, 
a design system 15, input/output devices (I/O) 16 and a 
bus 18. A database 20 may also be provided for storage 
of data relative to processing tasks. Memory 12 includes a 
program product 22 that, when executed by CPU 14, 
comprises various functional capabilities described in fur- 
ther detail below. Memory 12 (and database 20) may 
comprise any known type of data storage system and/or 
transmission media, including magnetic media, optical 
media, random access memory (RAM), read only memory 
(ROM), a data object, etc. Moreover, memory 12 (and 
database 20) may reside at a single physical location 
comprising one or more types of data storage, or be dis- 
tributed across a plurality of physical systems. CPU 14 
may likewise comprise a single processing unit, or a plu- 
rality of processing units distributed across one or more 
locations. 



[0019] Design system 15 includes generators 17 and a grapliical 
user interface (GUI) 19. Design system 15 may represent 
one specific design system, sucli as a CadenceTIVI design 
system, or several different design systems and environ- 
ments. Generators 17 may include any known type of de- 
sign generator or combination of design generators, such 
as a graphical generator, a schematic generator, and/or a 
symbolic generator. Generators 17 typically are used to 
form circuit representations. That is, a graphical generator 
identifies a circuit element, circuit or a plurality of circuits 
through shape manipulation and shape definition. A 
schematic generator develops a schematic representation 
of the circuit, and a symbol generator develops a symbolic 
representation of the circuit. In many design systems, 
graphical designs are generated by shapes of masks, and 
their orientation and intersection. For example, a graphi- 
cal representation of a MOSFET is formed by the intersec- 
tion of an isolation rectangle and a gate rectangle. A 
schematic representation of a MOSFET is identified as a 
MOSFET transistor symbol. GUI 19 is used to modify the 
design and make the design choices in the system, as is 
known for conventional design systems. 

[0020] As one specific example, this system may be integrated 



with a Cadence design environment. In a Cadence envi- 
ronment, graphical, schematic and symbolic representa- 
tions are known as cellviews. These elements are con- 
structed from parameterized cell (Pcell) structures. These 
Pcells are modified, using GUI 19, to a constrained set of 
design parameters. Hierarchical circuits are formed 
through the design environment, where parameters are 
passed to the higher-order circuit elements, which them- 
selves become Pcells after compilation, known as hierar- 
chical Pcells. In this environment, circuit elements and 
spatial entities are identified by system 10 from Pcells, 
which store the spatial, shapes, and circuit information. 

[0021] I/O 16 may comprise any known type of input/output de- 
vice including graphical drivers, a network system, mo- 
dem, keyboard, mouse, scanner, voice recognition system, 
CRT, printer, disc drives, etc. Additional components, 
such as cache memory, communication systems, system 
software, etc., may also be incorporated into system 10. 

[0022] As shown in FIG. 1, program product 22 may include an 
injector source and collector circuit identifier 24, a latch- 
up identifier 26, injector source and collector circuit pa- 
rameter identifier 28, a latch-up analyzer 30, a parameter 
modification unit 32, and other system components 40. 



Injector source and collector circuit identifier 24, injector 
source and collector circuit parameter identifier 28, and 
latch-up identifier 26 store both spatial information, elec- 
trical information and latch-up-related information. As 
aforementioned, this information may be stored and iden- 
tified through graphical, schematic and symbol generators 
17. Specifically for the Cadence design system, the infor- 
mation stored would be stored in Pcells. Injector source 
and collector circuit parameter identifier 28 and parame- 
ter modification unit 32 may use GUI 19 for optimization 
of the semiconductor design. One embodiment of an op- 
erational method of program product 22 and system 10 
will be discussed in greater detail in reference to FIGS. 5A, 
5Band 5C. 

[0023] FIG. 2 is a block diagram of an example of an injector 
source 92 and collector circuit 90 that may be analyzed 
with system 10 (FIG. 1). The design level of injector source 
92 may be a virtual design level or an actual design level. 
The design level of collector circuit 90 may also be a vir- 
tual design level or an actual design level. Injector source 
92 is a source that may unintentionally activate a circuit, 
such as collector circuit 90, resulting in latch-up of the 
circuit. Injector source 92 may or may not be an actual 



circuit but may serve as a generator of current or voltage 
perturbations. In the case of single event upsets (SEU), in- 
jector source 92 may be a representative current source of 
minority carriers representing a current magnitude and 
pliysical location within a semiconductor chip. Injector 
source 92 may be part of collector circuit 90, or may be 
outside collector circuit 90. Injector source 92 may also be 
a circuit that is able to be modified (as will be discussed 
below), such as an electrostatic discharge (ESD) circuit, or 
may be a source, such as a gamma ray, an alpha particle, 
ionizing radiation, a minority carrier or a cosmic ray, that 
is not modifiable. Collector circuit 90 includes any circuit 
that is affected by injector source 92. The spatial extent of 
injector source 92 may be localized to a given circuit ele- 
ment, to a given circuit, or to a segment or power domain 
of a chip (e.g., local VDD). The spatial extent may also be 
distributed to a region of space, distributed across an en- 
tire semiconductor chip or plurality of semiconductor 
chips, or distributed across a computer system, plurality 
of systems, or a network. 
[0024] Elements 96 and 98 represent the substrate contact and 
well contact of collector circuit 90, respectively. The space 
between collector circuit 90 and injector source 92 is indi- 



cated by line 95. The substrate contact 96 to collector cir- 
cuit 90 space is indicated by line 93 and tlie well contact 
98 to collector circuit 90 space is indicated by line 94. In a 
Cadence design environment, substrate contact 96 and 
well contact 98 may or may not be contained within the 
Pcell of collector circuit 90. In the case of where substrate 
contact 96 and well contact 98 are part of the Pcell of col- 
lector circuit 90, the Pcells can be a design parameter in 
GUI 19 (FIG. 1) and can be an inherited parameter to a hi- 
erarchical Pcell. Although specific reference is made to a 
Cadence design system, it is to be understood that other 
similar design systems may be used and the present in- 
vention is not limited to such. 
[0025] FIGS. 3 and 4 illustrate specific examples of modifying pa- 
rameters of collector circuit 90 and injector source 92 to 
determine the latch-up sensitivity of collector circuit 90. 
Although specific parameters are modified in this exam- 
ple, it is to be understood that the present invention is not 
limited to such. Other example parameters that may be 
modified are discussed in reference to FIGS. 5A, 5B and 
5C. 

[0026] FIG. 3 illustrates a graph 100 with x-axis 104 indicating 
the latch-up sensitivity, i.e., sensitivity of a circuit to 



latch-up (indicated as "latcli-up robustness," i.e., lilceli- 
liood of avoiding latch-up, in FIG. 3), of a semiconductor 
chip containing collector circuit 90 (FIG. 2) and y-axis 102 
indicating the structure size of injector source 92 (FIG. 2). 
Reduction of the size of an injection source, such as injec- 
tor source 92 (FIG. 2) reduces the probability and risk that 
collector circuit 92 (FIG. 2) would undergo latch-up from 
injector source 92 (FIG. 2). As can be seen in this specific 
graph, the latch-up robustness of collector circuit 90 (FIG. 
2) increases as the structure size parameter of injector 
source 92 (FIG. 2) is decreased from points 106 to 107 
along line 105. After the injector structure size reaches 
point 107, other parameters may be modified, such as the 
substrate contact spacing 93 (FIG. 2) or the well contact 
spacing 94 (FIG. 2), which will further increase the inher- 
ent latch-up robustness of the collector circuit to point 
108. 

[0027] FIG. 4 illustrates a graph 110 with x-axis 114 indicating 
the injector source 92 (FIG. 2) to collector circuit 90 (FIG. 
2) spacing and y-axis 112 indicating the substrate contact 
spacing 93 (FIG. 2). As aforementioned, design criteria are 
important for overall circuit performance. As can be seen 
in this specific graph, latch-up occurs when the data 



points are above line 115, and does not occur wlien tlie 
data points are below line 115. Thus, both substrate con- 
tact spacing 112 and injector-collector circuit spacing 114 
may be manipulated to achieve a desired circuit scheme 
without latch-up. That is, decreasing substrate contract 
spacing 112 from point 116 to 118 will prevent latch-up 
of collector circuit 90 (FIG. 2). In addition thereto, the in- 
jector-collector circuit spacing 114 may be reduced from 
point 118 to point 117 without latch-up of collector cir- 
cuit 90 (FIG. 2) to improve overall circuit and system per- 
formance. 

[0028] As aforementioned, in our implementation, the substrate 
contact spacing 93 (FIG. 2) and well contact spacing 94 
(FIG. 2) may be a design parameter in the graphical, 
schematic or symbol cellview in a Cadence design system, 
or similar design environment. These parameters do not 
have to be contained within the primitive Pcell or the hier- 
archical Pcell. If the hierarchical circuit order is increased 
to include these physical shapes after compiling, these 
parameters can be auto-modified in the higher order hi- 
erarchical Pcell, allowing for personalization, customiza- 
tion and modification of these parameters relative to the 
input from the injector-collector circuit spacing. 



[0029] As the injector-collector circuit spacing 114 is decreased, 
different design parameters and modifications can be es- 
tablished. The parameters can be adjusted inside the Pcell 
based on the injector-collector spacing 114, the latch-up 
robustness target or specification, or other criteria. The 
system can modify a parameter, for example, by adding 
additional latch-up preventing Pcells, such as latch-up 
guard ring structures. Latch-up guard rings can them- 
selves be a Pcell with a plurality of consecutive ring types 
and choices. The latch-up robustness objective may in- 
voke different rings to achieve the latch-up objective. 

[0030] FIGS. 5A, 5B and 5C illustrate a flow diagram illustrating 
one embodiment of an operational method of system 10 
(FIG. 1) in accordance with the present invention. Al- 
though the steps shown and discussed below are shown 
in a specific order for this specific example, it is to be un- 
derstood that identifying and modifying each parameter 
of collector circuit 90 (FIG. 2) and injector source 92 (FIG. 
2) may be done in several different orders (e.g., modifying 
a physical parameter first, then a spatial parameter next, 
or modifying a parameter of the collector circuit first and 
then a parameter of the injector source, etc.). Accordingly, 
the invention is not limited to this specific example. 



[0031] As seen in FIG. 5A, the first step 152 of latcli-up analysis 
and parameter modification system 10 (FIG. 1) includes 
identifying an injector source, such as injector source 92 
(FIG. 2), and a collector circuit, such as collector circuit 90 
(FIG. 2), with injector source and collector circuit identifier 
24 (FIG. 1). As aforementioned, the design level of injector 
source 92 (FIG. 2) may be a virtual design level or an ac- 
tual design level. The design level of collector circuit 90 
(FIG. 2) may also be a virtual design level or an actual de- 
sign level. Injector source 92 (FIG. 2) is a source that may 
unintentionally activate collector circuit 90 (FIG. 2), result- 
ing in latch-up of collector circuit 90 (FIG. 2). Collector 
circuit 90 (FIG. 2) includes any circuit that may be affected 
by injector source (FIG. 2). The identification of injector 
source 92 (FIG. 2) and collector circuit 90 (FIG. 2) may be 
done through design system 15 (FIG. 1). One specific ex- 
ample of identifying may be through the Cadence design 
system, wherein injector source 92 (FIG. 2) and collector 
circuit 90 (FIG. 2) are identified through Pcells formed 
from a graphical or schematic approach. For example, 
since latch-up typically occurs within a pnpn structure, 
which may be intentionally designed, or unintentionally 
formed between structures, collector circuit 90 (FIG. 2) is 



typically a pnpn structure, which may be identified 
through Pcells. 

[0032] The next step 154 includes identifying at least one pa- 
rameter of collector circuit 90 (FIG. 2) and/or injector 
source 92 (FIG. 2) using injector source and collector cir- 
cuit parameter identifier 28 (FIG. 1). For example, the pa- 
rameter of either collector circuit 90 (FIG. 2) and injector 
source 92 (FIG. 2) may be identified by injector source and 
collector circuit parameter identifier 28 (FIG. 1) through 
use of graphical, schematic and symbolic generators 17 
(FIG. 1). It should be recognized, however, that this step 
may be an optional step since the parameter may already 
be identified or inherent within the identification of col- 
lector circuit 90 (FIG. 2) and injector source 92 (FIG. 2) 
such that active identification may not be needed. A pa- 
rameter of collector circuit 90 (FIG. 2) may include but is 
not limited to: a spatial parameter (e.g., the distance be- 
tween its p+ to n-well space, between its n+ to n-well 
space, between its n-well contact to p+ space, between 
its p+ substrate contact to n+ space, and between the 
collector circuit and the injector source, etc.); a physical 
parameter (e.g., the topological features, the characteris- 
tics of the semiconductor layers, the placement of the 



wells and contacts, the presence of implants, deep 
trenches, trench isolation structures, and guard rings, 
etc.); and a structural parameter (e.g., the placement and 
presence of transistors, resistor, etc. in the circuit). A pa- 
rameter of injector source 92 (FIG. 2), if identifiable, may 
include, but is not limited to: a physical parameter (e.g., 
the topological features, the characteristics of the semi- 
conductor layers, the placement of the wells and contacts, 
etc.); a structural parameter (e.g., the placement and 
presence of transistors, resistor, etc.); and a spatial pa- 
rameter (e.g., the distance to the collector circuit). 
[0033] The third step 156 includes providing or defining latch-up 
criteria with latch-up identifier 26 (FIG. 1). This step pro- 
vides the criteria that will cause a latch-up in collector cir- 
cuit 90 (FIG. 2). Latch-up criteria may be defined through 
specific design rules, which may be inherent within design 
system 15 (FIG. 1), provided by system 10 (FIG. 1) or pro- 
vided through other external sources, such as a separate 
system or database. As aforementioned, the sensitivity of 
a particular pnpn structure (i.e., collector circuit 90 (FIG. 
2)) to latch-up may be a function of spacings (e.g., the 
base width of the npn and the base width of the pnp), 
current gain of the transistors, substrate resistance and 



spacing, the well resistance and spacings, emitter resis- 
tance and isolation regions. Thus, examples of these de- 
sign rules may include, but are not limited to: rules con- 
cerning spacing between injector source 92 (FIG. 2) and 
collector circuit 90 (FIG. 2); rules concerning spacing be- 
tween collector circuit 90 (FIG. 2) and substrate contact 96 
(FIG. 2); and rules concerning spacing between collector 
circuit 90 (FIG. 2) and well contact 98 (FIG. 2). In a Ca- 
dence design environment (as with a parameter), the 
latch-up criteria may be contained in Pcells. The latch-up 
criteria may be inherent in a primitive Pcell, or an inher- 
ited parameter of the hierarchical Pcell. 
[0034] jhe next step 158 includes determining latch-up sensitiv- 
ity of collector circuit 90 (FIG. 2) with latch-up analyzer 30 
(FIG. 1). This step includes using the parameter identified 
for collector circuit 90 (FIG 2) and/or injector source 92 
(FIG. 2) and the latch-up criteria to determine if and when 
latch-up will occur within collector circuit 90 (FIG. 2). For 
example, for a Cadence design environment, or similar 
design environment, the Pcell or Pcells of the identified 
parameter could be evaluated, using latch-up analyzer 30 
(FIG. 1), with the Pcells of the latch-up criteria to deter- 
mine latch-up sensitivity of collector circuit (FIG. 2). 



[0035] jhe next steps 160-188 include modifying tlie parameter 
of injector source 92 (FIG. 2) and/or collector circuit 90 
(FIG. 2) using parameter modification unit 32 (FIG. 1). In 
addition, the latch-up sensitivity of collector circuit 90 
(FIG. 2) may be determined with each modification using 
latch-up analyzer 30 (FIG. 1). Whether to modify a specific 
parameter, and how to modify that parameter (e.g., 
through spatial, physical, and/or structural modifications) 
may be determined through latch-up criteria and other 
design rules (including a preference of parameters to be 
modified), or through user input, or through any other 
appropriate method or combination of such methods. For 
example, a preference of how a plurality of parameters 
may be modified (e.g., first, modify spatial parameters, 
second, modify physical parameters, and third, modify 
structural parameters), and other design rules (e.g., spac- 
ing requirements between circuit elements, etc.) of collec- 
tor circuit 90 (FIG. 2) may be stored within system 10 (FIG. 
1). Collector circuit 90 (FIG. 2) may then be modified ac- 
cording to the parameter preferences as long as the pa- 
rameter of collector circuit 90 (FIG. 2) remains within the 
boundaries of the other design rules and latch-up criteria. 

[0036] More specifically, as shown in reference to FIG. 4, within 



the spatial parameters there may be a preference to mod- 
ify first the substrate contact spacing 112 (FIG. 4), then 
second, if allowed by the design rules of collector circuit 
90 (FIG. 2), the injector-collector circuit spacing 114. A 
determination may be made of the latch-up sensitivity 
(robustness) of collector circuit 90 (FIG. 2) by comparing 
the latch-up criteria to the parameter of collector circuit 
90 (FIG. 2) after each of its modifications. As aforemen- 
tioned, for a Cadence environment, this evaluation may be 
completed by latch-up analyzer 30 evaluating the Pcells of 
the latch-up criteria and the Pcell or Pcells of the parame- 
ter of collector circuit 90 (FIG. 2). 
[0037] Collector circuit 90 (FIG. 2) may be modified more than 
once to alter latch-up sensitivity to achieve a latch-up 
sensitivity target, which may also be stored within system 
10 (FIG. 1). Collector circuit 90 (FIG. 2) may also be modi- 
fied to improve overall circuit and system performance 
through, for example, decreasing the size of collector cir- 
cuit 90 (FIG. 2), without latch-up of collector circuit 90 
(FIG. 2). For a Cadence design system, or similar system, 
the modification of a parameter may be optimized within 
and between other parameters of collector circuit 90 (FIG. 
2) and injector source 92 (FIG. 2) because of the linkage of 



the Pcells, or similar cells. Also, as aforementioned, it is to 
be understood that the modification of a plurality of pa- 
rameters may be done in any order and are not limited to 
the specific order discussed below. 
[0038] Step 160 identifies if the parameter of injector source 92 
(FIG. 2) is modifiable. In such cases where injector source 
92 is an alpha particle, ionizing radiation, cosmic ray, or 
similar source, the parameter is not modifiable (i.e., NO), 
and the next step is step 166 in FIG. 5B. This determina- 
tion may be made in a variety of ways depending on the 
design system. For example, in a Cadence design system, 
or similar system, the Pcells, or absence of Pcells, will in- 
dicate whether injector source 92 (FIG. 2) is modifiable. If 
the injector source is modifiable, then step 162 deter- 
mines whether to modify the injector source parameter, as 
explained above. If NO, the next step is step 166 in FIG. 
5B. If YES, the injector source parameter is modified in 
step 164, and the latch-up sensitivity is determined again 
in step 158. Some examples of modification of the pa- 
rameter of the injector source include, but are not limited 
to: reducing the size of the injector source, and/or the 
placement of the injector source with respect to the col- 
lector circuit. 



[0039] Referring to FIG. 5B (from FIG. 5A), step 166 determines 
whether to modify a collector circuit spatial parameter, as 
explained above. If NO, the next step will be step 172. If 
YES, the spatial parameter is modified in step 168. Modifi- 
cations of the spatial parameter include, but are not lim- 
ited to: increasing the p+ to n-well space; increasing the 
n+ to n-well space; changing the n-well contact to p+ 
space; and changing the p+ substrate contact to n+ 
space. The latch-up sensitivity of collector circuit 90 (FIG. 
2) is determined in step 170, which is similar to the deter- 
mining of the latch-up sensitivity in step 158 (FIG. 5A), 
and the flow returns to step 166 to decide whether to fur- 
ther modify a spatial parameter. 

[0040] Step 172 determines whether to modify a collector circuit 
physical parameter, as explained above. If NO, the next 
step will be step 180 in FIG. 2C. If YES, the physical pa- 
rameter of the collector circuit is modified in step 174. 
Modifications of the physical parameter include, but are 
not limited to: adding sub-collector implants; adding 
deep trench (DT) or trench isolation (Tl) structures 
perimeters; and/or adding latch-up guard rings (e.g., p+, 
n+, n-well, DT, or Tl). For example, in a Cadence design 
system, modifications can be initiated wherein the param- 



eter is inherent in a primitive Pcell, or an inlierited param- 
eter of the hierarchical Pcell. Additionally, the features can 
be implemented by forming a new higher-order hierarchi- 
cal Pcell to the existing hierarchical Pcell by auto- 
generating and compiling a new Pcell with the physical 
parameter of interest. The latch-up sensitivity of collector 
circuit 90 (FIG. 2) is determined in step 176, which is sim- 
ilar to the determining of the latch-up sensitivity in step 
158 (FIG. 5A), and the flow returns to step 172 to decide 
whether to further modify a physical parameter. 
[0041] Referring to FIG. 5C (from FIG. 5B), step 180 determines 
whether to modify a collector circuit structural parameter, 
as explained above. If NO, the next step will be step 184. 
If YES, the structural parameter is modified in step 182. 
Modifications of the structural parameter include, but are 
not limited to: adding transistors; removing transistors; 
and/or reducing circuit elements. In one example, in a 
Cadence design environment, this step may add or delete 
Pcells or modify the hierarchical structure of an existing 
Pcell. The latch-up sensitivity of collector circuit 90 (FIG. 
2) is determined in step 183, which is similar to the deter- 
mining of the latch-up sensitivity in step 158 (FIG. 5A), 
and the flow returns to step 180 to decide whether to fur- 



ther modify a structural parameter. 

[0042] Step 184 determines wlietlier to modify any other collec- 
tor circuit parameter, as explained above. If NO, the next 
step is step 189, which displays the results of the collec- 
tor circuit 90 (FIG. 2) and injector source 92 (FIG. 2) and 
the latch-up evaluation. If further modification is deter- 
mined (i.e., YES), whether it be physical, spatial, structural, 
etc., the determined parameter may be modified in step 
186. The latch-up sensitivity of collector circuit 90 (FIG. 2) 
is determined in step 188, which is similar to the deter- 
mining of the latch-up sensitivity in step 158 (FIG. 5A) 
and the flow returns to step 184 to decide whether to fur- 
ther modify a collector circuit parameter. 

[0043] In the previous discussion, it will be understood that the 
method steps discussed in reference to FIGS. 5A, 5B, and 
5C are performed by a processor, such as CPU 14 of sys- 
tem 10 (FIG. 1), executing instructions of program prod- 
uct 22 (FIG. 1) stored in memory. It is understood that the 
various devices, modules, mechanisms and systems de- 
scribed herein may be realized in hardware, software, or a 
combination of hardware and software, and may be com- 
partmentalized other than as shown. They may be imple- 
mented by any type of computer system or other appara- 



tus adapted for carrying out the methods described 
herein. A typical combination of hardware and software 
could be a general-purpose computer system with a com- 
puter program that, when loaded and executed, controls 
the computer system such that it carries out the methods 
described herein. Alternatively, a specific use computer, 
containing specialized hardware for carrying out one or 
more of the functional tasks of the invention could be uti- 
lized. The present invention can also be embedded in a 
computer program product, which comprises all the fea- 
tures enabling the implementation of the methods and 
functions described herein, and which - when loaded in a 
computer system - is able to carry out these methods and 
functions. Computer program, software program, pro- 
gram, program product, or software, in the present con- 
text mean any expression, in any language, code or nota- 
tion, of a set of instructions intended to cause a system 
having an information processing capability to perform a 
particular function either directly or after the following: (a) 
conversion to another language, code or notation; and/or 
(b) reproduction in a different material form. 
[0044] The above-described invention, as seen in the previous 
examples, provides a latch-up analysis and parameter 



modification system, program product and metliod tliat 
analyzes a circuit design for latch-up sensitivity and al- 
lows for modifications of the circuit design to avoid latch- 
up of the circuit while improving the density and overall 
performance of the circuit. 
[0045] While this invention has been described in conjunction 

with the specific embodiment outlined above, it is evident 
that many alternatives, modifications and variations will 
be apparent to those skilled in the art. Accordingly, the 
embodiment of the invention as set forth above is in- 
tended to be illustrative, not limiting. Various changes 
may be made without departing from the spirit and scope 
of the invention as defined in the following claims. 



